Atrial stimulation studies were performed in 5 normal patients (group A) and 4 
.
In 1973, Strauss et al., described a way of determinng sinoatrial conduction time in man by use of the premature atrial stimulation technique. Thus, a differentiation between sinus node generator characteristics and sinoatrial conduction seems to be possible. In a previous publication a modification of this procedure for calculation of sinoatrial conduction time was described (Steinbeck, Korber, and Luderitz, I974) . In the present study we report simultaneous determinations of sinoatrial conduction time and sinus node recovery time in 9 patients. Four of them were restudied after administration of atropine.
Our Results revealed a conspicuous prolongation of sinoatrial conduction time in 3 patients with sinoatrial disease. A disturbance of retrograde sinoatrial conduction during rapid atrial stimulation as well as a disturbance of antegrade sinoatrial conduction after cessation of atrial pacing may affect the apparent recovery interval of the sinus node. This reduces the significance of sinus node recovery time as an indicator of sinus node automaticity. Thus, for furthering our understanding of the underlying pathophysiological mechanisms in sinoatrial disease, both sinoatrial conduction time and sinus node recovery time should be measured.
Patients and methods Nine patients were studied (see Table i ).
Group A (Cases I-5) showed no signs of sinus node dysfunction. It included, however, one patient showing reflex slowing of sinus rate during massage of the carotid sinus (Case 2) and another with frequent premature ventricular extrasystoles (Case 5). Group B (Cases 6-9) had electrocardiographic evidence of sinoatrial disease with episodes of sinus rates less than 5o/ min. In addition to sinus bradycardia, supraventricular tachycardia (Cases 6 and 9), spontaneous second degree sinoatrial block (Case 7), and junctional escape rhythm after a period of atrial arrest (Case 8) were observed in these patients.
All patients gave informed, written consent for evaluation of sinus node function. Definitions and measurements Applying the premature atrial stimulation technique, the following time intervals were measured. i) The interval between the last two spontaneous atrial depolarizations preceding the stimulation impulse (al-a2).
2) The interval between the last atrial depolarization and the stimulus-induced atrial excitation (so-called curtailed cycle a2-a3).
3) The interval between the stimulus-induced atrial excitation and the next spontaneous atrial depolarization (so-called postextrasystolic cycle a3-a4).
Premature beats elicited late in the spontaneous atrial cycle are followed by a fully compensatory pause (no pacemaker reset: a2-a3 plus a3-a4 is twice the al-a2 interval). Earlier premature beats are followed by a noncompensatory pause (pacemaker reset: a2-a3 plus a3-a4
is shorter than twice the a1-a2 interval (see Wenckebach, 1903; Eccles and Hoff, 1934; Bonke, Bouman, and van Rijn, I969; Strauss et al., I973)).
For calculation of sinoatrial conduction time we determined the postextrasystolic interval (a3-a4) which was exactly at the borderline between fully compensatory and non-compensatory (Steinbeck et al., I974) . The a2-a3 interval at this borderline represents the shortest premature beat interval whose retrograde excitation front does not reach the sinus node, whereas earlier premature beats reset the pacemaker and may depress it (Bonke et al., I969; Klein, Singer, and Hoffman, I973) . Therefore, the postextrasystolic interval a3-a4 at this borderline, minus the spontaneous atrial cycle a1-a2, is equivalent to the sum of conduction time from atrium to the sinus node plus from sinus node to atrium. Half of the total sum of conduction time gives the sinoatrial conduction time.
The sinus node recovery time is defined as the time interval between the last paced atrial activation and the first spontaneous beat of sinus origin after cessation of rapid atrial stimulation. Sinus node recovery time was measured after stimulation with frequencies above sinus rate. The pacing rate was then increased by increments of I0 or 20 beats/min. Each pacing period lasted one minute. The maximum sinus node recovery time is the longest time interval seen at any of the stimulation rates.
Results
The results of atrial stimulation studies are listed in The results of premature atrial stimulation in Case 6 are shown in Fig. i . When single beats are elicited after an interval equal to between 70 and I00 per cent of the preceding atrial cycle ai-a2, the sum of the a2-a3 and a3-a4 interval is about twice the al-a2 cycle. Thus, these data agree with the theoretical line indicating fully compensatory pauses. If the curtailed cycles are shortened further, they are followed by non-compensatory pauses, as indicated by the data below the theoretical line of the compensatory pause. From this a sinoatrial conduction time of 145 ms is calculated.
Beats introduced early in atrial diastole are followed by abruptly shortened postextrasystolic intervals. The postextrasystolic atrial depolarization starts at the moment where it would have been expected if the premature beat had not occurred. The sum of the curtailed cycle a2-a3 and postextrasystolic cyle a3-a4 is equal to the preceding al-a2 interval indicated by the data close to the theoretical broken line (Fig. i) . This type of response is highly suggestive of sinus node entrance block of the premature beat.
In Case 7 a sinoatrial conduction time of I05 ms group.bmj.com on July 7, 2017 -Published by http://heart.bmj.com/ Downloaded from (Table I) (Narula et al., I972) . From Case 4, i0 successive atrial cycle lengths after discontinuation of rapid atrial pacing at a frequency of 70, 90, II07 and I50 per minute are plotted in Fig. 3A . The interval from the last paced beat to the first beat of sinus origin is always the longest interval. Thereafter the cycle lengths gradually return to normal prepacing values, with some slightly decreased intervals (after pacing at go and i io/min). All other patients of group A showed a similar pattern of successive atrial cycle lengths after rapid atrial stimulation.
Two patients of group B showed a normal maximum sinus node recovery time (Cases 6 and 9); the other 2 patients had a conspicuous prolongation of maximum sinus node recovery time (Cases 7 and 8) (see Table i ).
From Case 8, IO successive atrial cycle lengths after cessation of rapid atrial stimulation are plotted in Fig. 3B . The first 3 atrial cycles after pacing at go/min are prolonged by one basic cycle length.
The next 3 intervals are abruptly shortened, being identical to normal prepacing atrial cycles. The seventh a-a interval is also twice the basic cycle length, the following cycles being only slightly longer than normal. From this it can be concluded that the first three and the seventh beat-to-beat interval after cessation of atrial pacing at go/min are determined by a sinoatrial exit block with 2: I atrial response, in addition to depression of the sinus node pacemaker. Sinoatrial exit block with 3: I atrial response is superimposed on the value of 'sinus node recovery time' after cessation of pacing at iio/min. An intermittent sinoatrial exit block is present after cessation of atrial pacing at 140/min, not during the first beats but in the fourth and fifth atrial cycles. This is indicated by a sudden doubling of the atrial cycle length. followed by abruptly shortened postextrasystolic intervals. This is highly suggestive of sinus node entrance block of the impulse, because a3 demonstrated no increase in latency, the configuration of the postextrasystolic depolarizations was unchanged, and the subsequent sinus rate was not altered (Goldreyer and Damato, 1971) .
Similarly abrupt changes of atrial cycle length were observed in Case 7 after cessation of rapid atrial stimulation as in the patient above. In this patient also a sinoatrial exit block was assumed to be present after premature atrial stimulation. These abrupt changes did not occur in Cases 6 and 9 or in any of the group A patients. Atropine Two patients from each group were restudied 5 minutes after intravenous administration of i mg atropine (Table 2) .
Sinoatrial conduction time was decreased in Cases I, 3, and 6 (Fig. 4) group.bmj.com on July 7, 2017 -Published by http://heart.bmj.com/ Downloaded from atrial conduction time as well as maximum sinus node recovery time. After atropine, however, the pacing rate causing maximum sinus node recovery time was raised from 8o to i20/min. At a stimulation frequency of 13o/min, the recovery time was longer after atropine than before (see Fig. sB ).
On the basis of the premature atrial stimulation studies ( Fig. i and 4) we interpret the results of rapid atrial stimulation in this patient as follows: Sinoatrial conduction is grossly impaired. At low frequencies a maximum of impulses is conducted from the atrium to the sinus node and causes maximum sinus node recovery time. At higher stimulation rates it is assumed that impairment of sinoatrial conduction increases; as a consequence, fewer impulses penetrate to discharge the sinus node pacemaker thus leading to an apparently paradoxical shortening of sinus node recovery time. This explains the normal value of maximum sinus node recovery time which would probably be prolonged in the presence ofan adequate retrograde sinoatrial conduction. Atropine is thought to improve retrograde sinoatrial conduction. As a result, maximum sinus node recovery time is observed after a considerably increased pacing frequency, and sinus node recovery time at I30/min is longer after atropine than before.
Our results indicate that sinus node recovery time may not be a reliable indicator of sinus node automaticity if sinoatrial conduction is disturbed. It seems that sinus node entrance block during rapid atrial stimulation leads to a shortening, and sinus node exit block after rapid atrial pacing, to a prolongation of the sinus node recovery time. These mechanisms offer an explanation for the observation that patients with sinoatrial disease may sometimes show greatly prolonged or normal sinus node recovery times besides moderate prolongation of sinus node recovery time after rapid atrial stimulation. Results may also be obscured by the occurrence of sinus nodal re-entry beats after atrial pacing (Narulo, I975).
The premature atrial stimulation technique provides a means of studying the pattern of sinoatrial conduction and evaluating its reaction to drugs. 
